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(57) Abstract: An desulfurization method for a light oil 
which comprises a step of removing sulfur compounds in 
an light oil fraction by the adsorption with an adsorption 
desulfurization agent comprising a fibrous active carbon 
provided in an adsorption tower (1), and a desorption 
and regeneration step of washing the resulting adsorption 
desulfurization agent with an aromatic solvent to regenerate 
the desulfurization agent. The method allows the 
production of a light oil being satisfactorily freed of sulfur 
at a relatively low equipment and operation costs over a 
long period of time, and in the method, difficult-to-remove 
sulfur compounds, such as 4, 6-DMDBT, and multi-ring 
aromatic compounds having two or more rings are 
selectively removed. 
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-\z7i-^-( h5^* HSZ-3 2 ONAA (Si Og/A 1 ^O^ht : 5 . Smol/moKN 
agO/A 1 gOgib : 1 . 0 1 m o 1 /mo 1 s tt^MW. : 7 0 Om VQs 
?1:0. 2 — 0. 4Mms *4^fS : 7 — 1 OAtm)s *V-*±i^ HYM-tfTh^-T h 
5|s&5l^ HSZ-3 2 OHOA (S i O2/A 1 203J:b :5. Tmol/moKNagOiS. 
8w t%. Jib^Mfl : 5 5 Om V9s ilS^^g : 0. 2 — 0. 4 m . )piL-Tfg : 
6 — 1 Oyctm). M'J-nmHSYm-if^^-^ h5^*HSZ-3 3 1 HSA (S i O2/A 1 
aOgJrbre. 2 m o 1 /m o K Na 2 O : 0 . 2 0 w t hb^oSfl : 6 5 0 m ^ 
/g. : 0. 7 — 1 . OAtm. : 2 — 4/xm). :^V-i±i^ HUSY 

ii4f7|-^-Y SI^tI^ HSZ-3 3 OHUA ( S i Og/A 1 203J:b : 6 . Omo 1 /mo 1 s N 
320:0. 2 1 wt%. ttmmm ■. 5 5 Om^/g. IS^^g : 0. 2 — 0. 4 
AtmsilJiL^S: 6 — 8/xm). :SV-tt^KLiyHf7^^^ K)|f&* HSZ- 5 0 0 KOA ( S 
i O2/A 1 gOghb : 6 . 1 mo 1 /mo lsNa20:0. 21wt%. KgOrlG. 
8wt%. ib^Mm : 2 8 Om V9v *SS^fS : 0. 2 — 0. 4 m m s i|fi^@ : 
2-4 Aim). :mv-ttS^ H ^ >IU7=^3l-'l' S3|f&* HSZ-6 4 OHOA (S i O2/A 1 2O3 
ib : 18. 3mo 1 /m o K NaaO : 0. 0 4wt%. ibOTf* : 3 8 0mV 
g s ilSS^fl : 0 . 1x0. 5 M m . fi^g : 1 0—1 2yCtm)s *V -tt^ N a 
^^Ut'^-T hl&5feHSZ- 6 4 2NAA ( S i O2/A 1 gOsJib : 1 8 . 3 mo 1 /mo 1 . 
NagO/A 1 gOaib : 1 . 0 4mo 1 /mo 1 s J;b^®^ : 3 6 Om Vg^ 
^fl:0. 1x0. Syctm. «4^fl : 1 0 — 1 2yam)s ^V-tt^K^xUJi^ 
-< HSZ- 7 2 OKOA ( S i O2/A 1 gOaib : 1 8 . 2 m o 1 /m o K Nag 

0:1. 3wt%. K2 0:5. 5wt%. ttmmm : 1 7 Om Vg. ilS^^S : 
1 At miikT. *4^f£ : 2 0 - 3 0 At m ) ;Rt;^'fP7fe$i6^xStti^ N a XM-tf ^h^ ^ h 
F- 9 (Si O2/A 1 gOgJib : 2 . .5 mo 1 /mo 1 . ib^Sfl : 5 9 1 m^ 
/g) ^^tL^;h.ffl^Lfeo 3tie>®i|R«^iJ('oUT*,. luMSh UT^ti^-tL4 
0 0°CTr 3 0§PBm*iL/co ^bl^. ^P7fe$«X^tt^v U WAKOGEL-G (ib 

: 687mVg). Al co anmy^'l^T F-2 0 0 (JibSM* : 3 5 

Om Vg) ;RU"^'Jic:> S=|r-\.^ htti^M<b6|BltmtT;U$^NK-3 1 1 (aiH 

: 7. 6Ka%. J:b^®ffl : 2 6 4mVg) fefflmu. ^tl^-;h*»#Lfe 
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HSZ-9 3 ONHA (S i 1 aOsib : 2 7 m o 1 /m o K N a : 0 . 0 2 w 

t%. m^mmmm ■. e 3 0 m Vg . Ms^fi : 0 . 02—0. 0 4 m 

^fl: 3~6Atm) ^.6 5 CC-lr 3 B^Pem^ UT:?'^ ^ >^ ■< ^ kiLtc.m.mm'b 



V'-<>y5^7h^n:> (D B T) 3!)M Owt%-e^*tL^ h >'U3i>)§}^^ffl ^^T D B 
>) ^ SJHc>)§;tl3#^-itfco 1 Owt%D BT/SJbn:>>g5t4. 0 gl^^^R 

mm 1 . 0 g ^>^-zr 2 4H#rBU:i>±»-tt# ur. )i-tttit)^t(D?^m^it)#*a 

SlJd;t)^StlTl^i)3hA^^*^oyio tb^SWsl^l 0 0 Om Vg®«*t^:^>S 
'l4^B(Z):)^7b«J:ba®ai 5 0 Om Vg<©*»^>5tt^D a r c o KB ckO^ilR 



28 



wo 03/097771 



PCT/JP03/06336 



1 





[g-S/kg-P^ft^iJ] 




52 


Mmw^^^±M B 


46 


Darco KB 


25 


-tf'7|-^-l' h HSZ-320NAA 


0 


iflTf-^^ h HSZ-320HOA 


6 


Hf7|-^^ K HSZ-331HSA 


11 


Hz7t-^-< S HSZ— 330HUA 


8 


■M^i-'y-^ V HSZ — 500KOA 


-2 


if7|-^-1' h HSZ — 640HOA 


0 


•tfTt-^^ h HSZ-642NAA 


-1 


HzTt-^-f h HSZ-720KOA 


-1 


4f7|-^-r h F-9 


16 


V U ±» -if ;b WAKOGEL- G 


1 


>5'tt:;^^u5^ F-200 


3 


Wi^^^T NK-311 


-1 


-tf:t^-< S HSZ-930NHA 


4 



ttM B . -tf"7|-^ hHSZ-320NAA. -tz'Th^ ^ SHSZ-331 HSA.Hz 
:;d-^-< K F - 9;^t/-tf:7r^^ hHSZ-930N H AI::■^l^T.^P^CD$l)^^ffiU 
rBA«l»14tg^WMLfeo ^A6?i5SM)^Jg^)Sy^Lfejg)^J^flM$i)iA : 
37ppm) ■RV^nmm.^Wm^B mM^^: 30ppm) 20. 0 g\Z^ 
tis ^n&«^iJ 3 . 0 g fe. ^}STr 2 4 B#rB^li;l±)*-tt # UT. ^f^©?^^;!]^^ 
iBJj^ L feo ^mt^^^i 2 d^j^l-o a 2 ^^ b 0^ cfc d lilt^;*t)SttM A s B 



29 



wo 03/097771 



PCT/JP03/06336 



2 





ACfci /J TU TV 1 u 


/✓JV /JSC, / U W 1 b 






i$)Eh B 




[ppm] 


[ppm] 




2 


2 


mm\f:im-m. B 


9 


8 


-tz;t^-r S HSZ-320NAA 


31 


28 


4f7|-^-r h HSZ-331HSA 


27 


23 


M^^^ h F-9 


33 


26 


HzTt-^^' h HSZ-930NHA 


24 


21 



hHSZ-320NAAs "IfTl-^-f hHSZ-331HSA. -^z^^ V¥ -^7k 
Xf-iiTi-^^ KHSZ-930N H A doUT. :b*V U >a*/|-(D?R^fl^g?iJ^t4tl^i¥fffi 
Ufeo ^to©iSM}^JS^)IJJ^ Ufei^ft*!©"^? ( F C C ) :b*V U > (?e5tMt9- : 6 2 p p m) 
4 0 . 0 g iZ^^Rmm 6 . 0 g mE^T: 2 4 0tFBll-^l±)ft-t±# LXs )5:-tt^ftCD F 



3 





FCC iJ'J VXD 
^5SII^[ppm] 


lilt5|;^>St4^A 


25 


-tf^^-r K HSZ-320NAA 


47 


-tz'Tl-^l' K HSZ-331HSA 


38 


Hz'Tt-^-f h F-9 


33 


-tfrt^-Y h HSZ-930NHA 


49 



30 



wo 03/097771 



PCT/JP03/06336 



7^g|J$i?L^f«V e X tjb^O cm Vg"efei)i!R«^'JN^fflMLT. [Sl^^^-?ri!&« 
^»^*tofeo fefe*L.f^5in-r?>P<R«;^'JA~N(;ifclt^A"^^-^ S ex tl*T-f 
^ □ /KT^gptb^Mffl [mVglx Vextttv'^^n TiiT^mmimM C c m ^ 
/g], S m i c r o It^ ^ ^ niiiT ttmmM [m^/gls Vm i c r ottT-f ^ 
□ TjfT^f* [cm Vg]s Dtt^J^^J^« (^"XhUTSmf^ffiBtf^O. 00 1 
5 4 7) [cmn i q/cm^ ( S T P )]x S a(i±J;b^®f« [mVg]s Vali 
^m^W [cm Vg]s ^UTs Datt¥±S»Litg-rfei.o^M°^^-^ttS 

m^m}^(D)M^^mMzf±m^ (2) ~ (s) ^fflur^Rto^o 

9m Vg. Valil. 36 cm='Xg. Da(i20A. Smicro(i2630 
mVg. Vmi crolil. 29cmVgsSext(i40m2/'gsVext : 
0. 07cm^/gs^UTx S m i c r o x 2 x V e x t/S e x t 9 . 2c 

m^X gT'feoTto 

5m Vg. ValiO. 44 cm Vg. Dalil 5 A. Smi crolil 1 37 
mVg. Vmi crottO. 40cmVgx Sextlil SmVgx Vext 
ItO . OScmVg.^Li:. SmicroX2xVext/Sext(i4. 3 

c m^/gTrfeofeo 

m.mMc t L-zmmity^BM^m^^tio m.mMC{zis\f^ sa(± 2090m v 
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g.Valil. 04cm Vg. Datt20Av Smicro(± 2071m VQs 
Vmicrottl. 01cmV9vSext(i19mVgxVext(iO. 0 
3cm VQn ^Ur. Smi croxaxVext/Sextl^Q. 2cm ^/ 

fciti) Sa(i1 390mVgs Vattl. 30cm Vgv Da(i37Av Sm 
icro(*1 369m2yg,Vmicrol*1. 26cm Vg^ Sexl±21 
mVgs Vext(d;0. 04cm Vg. ^bT. Smi crox2xVext 
/S e X t(i4 . 6 cm Vg'^feofco n-R«^J D liaiiiiJl:^©* STjgffl U^co 

^iJEI^fclt^ S a(i1 5 1 5mVgx Va(d;0. 54cmVgs Da(d;14As 
Smi crolil 51 3m ^/g, Vmi croliO. 54 cm Vgs S e x t 
(ilmVg.VextliO. 0012cmVgs ^LT. Smi croX2x 
VextXSext(i3. 7cmVg'efe-^feo m.mM E [tmmitCD * SlrM^ 
Lfco 

i|&«^JFi:Lr«i|i5|:*t>S'l4^ (^^ U^^±iM±S^F R - 2 0 ) ^fflufeo 1R« 
giJF(::felt§ S ali2 4 5 4m Vgx Va(*0. SecmVgx Dali14A. 
Smicro(i2445m2/gxVmicro(iO. 85cm ^/g^ Sext 
(iSmVgsVextliO. OlcmVg. ^LT. Smi crox2xVe 
X t/S e x t(*7. 4 cmVg'T:feofeoi!R^^iJF(i^t$t5l:^co**-e^fflL./co 

nR*^iJG h LTlilti|^>Stt^ (^^ U^5:^M±^F R - 2 0 ) ^mi^t^o 
^iJGIIfclt^ Sali 2294m Vg. Val±0. 81 cmVgv Datti 4A. 
Smi cro 2285m Vgv Vmi cro(d;0. 80cm Vgs Sext 
li9mVgxVext(*0. OlcrnVg^ ^LT. Smi crox2xVe 
X t/S e x t(i7. 0 cmVg'efe^feoi»R»)|iJGIi^tliJ|:^a)^*-ef^fflUfeo 
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^mm H t. Lxmm]m-\m ( ^ ^ u ^ ^ :^ mtm f r - 2 5 ) u^o la* 

^iJHIIiaiti) S a(d;2 749m Vg. \/ altO . 96cm VQs Dald;14As 
Smicroli 2741m VgsVmicroliO. 94cm Vg. Sext 
(iSmVgv VextliO. 01 cmVg^ ^LTs Smi crox2xVe 

X t/S e X t(d;8. 8 c m Vg"efe^feo "!&#^yH(iliiiit5l:^(DSSTrfSffl Lfco 

i|Si«^iJ I h UTii5$t^;^>S'l4^ (Mn U-3>FE-620-7)yfe^uyc:oO&« 
3§iJI(::fc(ti>S alii 91 6m Vg. ValiO. 66cm Vg^ Da(i14A. 
Smi crolil 91 3m Vg^ Vmi crcliO. 66cm Vg. Sext 

liSmVgs VextliO. 01 cmVgs ^UT. Smi crox2xVe 
X t/S e X t(i6 . 6 cm^yg-T:&^rz.om.mMHtmm'^t(D^^-nmm Lfco 

m.mM J^LT:7:r;i,h tt(D«lit^>S'l4^ (<>^U^5:b>ll.tti^FT300-2 
0) ^fflU:feo iiR^^yj S a[i2 1 1 9mVgs Va : (±0. 75 cm 

Vg. Da(i1 4As Smi cro(i21 1 SmVg^ Vmi crottO. 7 
5cm Vgs Sex tttS m Vgs VextliO. 01 cmVg. ^LT. S 
mi crox2xVext/Sext(i7. 6 cm^/gT=feofeo 

m.mMK}iLi:mMt(Dy^^m^mmLt^o i!R«^iJKI:ifclti.Sa(i9 9 6m2 
/g, Va(i0. 35cm Vgs Da(i14As Smi cro(i989mVgs 
Vmicro[d;0. 34cm Vg^ Sext (d; 7m Vg.VextttO. 01 
cm^/gx -^-UTs S m i c r o x 2 x V e x t/S e x tli3 . 3cm^/g 

m.mM LtL xmMt(D}^'\m ( lflffiil!;fb^t±S^^ >y^XV-7'MSC-30) 
:S:ffl^^feo i]&«^iJL(i:fclti. S a(i3 3 0 5m Vgs Va(*1 . 6 7 cmVgs 
Da 20 As Smi croli 3264m ^gs Vmi crolil. 60cm^ 
/gs S e X t(i4 2 mVg. VextttO. 07cm='/g. ^LT. Smi 
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c r o X 2 X V e X t/S e X t (d; 1 1 . 3 c m^Xg "^^fe^fco 

Vgs VaitO. 8 0cmV9s D a\t^ 4As Smi crott 2260m V 
g. Vmi croltO. 79cm^/g. Sext(i4mVgs VextliO. 
0 1 c m^/g s ^ LT. Smi crox2xVext/Sextli7. 7cm^ 
/gTfeoTto 

ijR^^JNii LTiNi$t5l:*t)St4M (^^U^^^i^Uiii^F R - 1 0) ^ffiUfeo 
^fiJNIdfcMt^ S alillOlmVg.ValiO. 39 cmVg^ Da(i1 4 Ax 
Smi crolil 090m Vgx VmicroliO. 39cm ^/g. Sext 
(i1 1m Vgs VextliO. 00cm Vgs ^LT. Smi crox2xV 

ext/sext(io. 0cmVg"^fe^feo mmMH{tmm^X(D^^-^mmL 

fee 

mmmti LTs ±lBnS«^iJA~N ^ 1 5 0°CTr 3 B^Fe^lgilii Lfcti:. ^P^ft^0 1 . 

0 g^. imnmi^Sl Op pm^ m^O. 3421 g/m1 (15°C). ^ 

mmit^'^^cDmm^wmA) 1 0 p pm. 'Mj^mm^ 93. 5-3 e 1 . 

5°C. 1 0%^thSJ^2 7 0. 0°C. 9 0%^tll>^jS3 4 3 . 5°C) 2 0. 0 g [3s 

1 0°C-^2 4BtfB^l.>l±)14±t UT.»-i±#ftCD?^ll)lJS^)lJj^UrB^«#*^^^ 

mi crox2xVex t/S e x t hB&*^*h(Z)M#fe[E14 Cl^ uycoIH 4 
e>B^e*^*:J;-5(;is Smi crox2xVext/Sex t i^^i^^ l^m t'm.W^m 

fe:g>Smi crox2xVex t/S e x t *^5^K^nR»i^>5^^#ltTU?) 3 
h*^"tS^*^i»o #13. S m i c r o x 2 x V e X t/S e X tcDlilA^S . OcmV 
9 Ji^icD^-a-x PJ^*^*A^2 . 0 g - S/k g-dry adsorben tJ.:i.± 
i:7&i9s #13 8 m i crox2xVext/Sex tcD^A^S . 0 cm Vgi:^± 
-^D^^^SA^2. 5g-S/kg-dry a d s o r b e n t :&®:^rfc 19 x 'fS 
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mmm3 

1 5 0»C-e3B#PB^|g!)#Ufeft.:S^6 0 0mm.F«g^^5 4m 1 (D^RmmHK 
TTrtt^^Ahua) \Z^Rmm^^ 9. e g^mLToo ^RWM^^mbt:z^k. ±^ 
A(;:ll>S (?iJ^II>lJg3 8ppm. ^j^O. 8 3 7 7 g/ml (15°C). S^^O. 
6 p pm. ;^;i^f5ia2 0 6 . 0 — 3 6 7. 0°Cs 1 0%^ai>Sjg2 7 1 . OX. 9 
0%gttlSJg3 4 7 . 5"C) 2 m 1 /m i rreMUfeo ^CDPix ±^h.t'^ih)k 

)j^ttl»©#J^fe^i*1-i) o El 5 IdTF-r ct a Ills ?i^M:S^CD^i7]^}lJ^(* 5 p p m hfS < . 

i!&^^y tur u i> z h o HI 5 An e, p^«»^*tofe h c: 

l^ct J^^fttofeo Sfev ^m^ai^»3 . 3 m 1 /m l-adsorbents^Tf 

izj:K)±^2^[^iz)^^^xi^rc.m}^m^tA.t:)Mih-t^ziiti<^ij^^o ^ta.mQ 



35 



wo 03/097771 



PCT/JP03/06336 



SJg. n-T'±)>^:^^A[;i2m1 /mi n -T))^® Lfeft. 2 m 1 

^-fb^fenisi^^ufeo ib^ofetoiJiv 1 m^(DW,^)m.m(D^n.^(Dmt^mQ\z 
mmtmn^(D'M&^mt>Li:\^^^omsiz7r--t<i:o\z^ mmm.i}iAizn^^m.n 

tomtit 1 lEiah 2lE]gTr(S(a'[W]— ©ffi$.^h^afco ;iCDdh(i. 1 lH]g^ 2|mI 

g (3 It ^ p&»l5^M® 'iR«#t± *^*l^la•|W|l;-cfei,dh^^;bLrt^^o^tl(^^x. 
in 7 (3^ UfeS5&^^^x^l:: J; . ±^J^P^CDm.mMm^\^^^lz^±^ ^fe 3 i: 

X • itJU^z- ■ T^-fT^^^- {m}^mi'^m±mQC-SCD (Gas C h r o 
matograph — Chemi luminescence Sulfur D 
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e t e c t o r ). >b^A : S U P E L CO SPB1 0 . 2 5 m m x 1 0 0 m ) 

izm'b'B^ <^^ti^mnit^mx^&^ 4 . 6-DMD BTA^ m.m^m^y^THtm 

-Cfei)4, 6-DMD B T^SiR6^l3P^*1-?):ihA^*-r^§3hA^:9-A^ofeo 
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(+3 Oi^i.±)o ^b(;:±^m^(3*>)-ri>4, 6-DMDBTCD5^ 
ll'^b'a•%a)i'J-^/3^■3%htltoT^£^^'^ith/5:■^Tfcl9s CCDf^iJlrffl iNfen^^^Oli. 4, 
6-DMD B T^iltR6^(i:i!&a=1-i.iI^i7b^-e^^C:^*^'^^^^fco *fes 90%^ 

m^-^x^jib^t-^iis ^4jb^e.B^e>^^«:J;a(3s i^>ft^>i©3 4 7 . s^cdMUTs 

i!R«IMftcZ)$l>4(i 3 4 7. O'Cttj: K) , till DfiSh*^ o feo -tt^io 

X^RmM^ 1 5 OX-e 3 mm^mLtc^k. «^ e 0 0 m m . l^^fl 5 4 m l ^ 
A2:*:(;i^l+1 7. 3 g(Di!J^«^iJ^3=5J*Lfeo ?R«^iJA^3ti«^tife:b^Al3. ^>ft 
(Sl5M>aj^3 8ppm. ^JgO. 8377g/ml (1 S^C). mm^O . 6 p p 
m. }^,'^,iBlS2 0 6 . 0 — 3 6 7. 0°C. 1 0 %|§ai>^* 2 7 1 . 0°Cs9 0%g 
tb)^J^3 4 7. 5°C) 2 m 1 /m i n-TrML^o ^©fiis ±^ l^(D}Ei!^^^}^ 
t'^ih^ Q O^Cizmm^^X. mmi3:^^&ti1 . Skgf/cm^GCO. ismp 
aG). )^a3ml/mi nUti ^ Alzm^LX . mmiJ:^(DKtl{Z^ ^ ti^ J^{^ 

i57.^^Eti^ . Skgf/cm^G (0. 1 5MPaG)s a* 3 ml /mi r\11± 
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mmm 1 -^^jgc Lfe-tf:d-^'l' S HSZ- 3 2 ONAA. 4z;d-^-< K F- 9 . «$t2l:^>Stt 
m H. Hz::d-^^ S HSZ- 3 2 ONAA t.mmW^^tm H ^ 5 OKS% : 5 OKa%(D 
J:b^-r>Ft^ (Z);^r/-t?'7i-^ -< K F- 9 tmmm^'\^m H ^ 5 0«i% : 5 OK 

C C;b*V U > : 2 1 : 3 1 ppnis ^JgO . 7 2 8 3 g 

/m 1 @15X. ^mrS-l Oppm. ^^,'i^tBBI3 3. 5 — 2 12. 0°C) Cis FCC:^ 
V U > : WLmm= 2 0 g : 2 g CDtb^TrnR^^Jfe 1 O'C-^r 2 4mmi>A±m-^^ 

1 0 OMa:%-tf^^^' S F- 9 (D^-^cfc >9 5 0K»%-f7|-^^ h F- 9 + 
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